It has been proposed that contextual fear conditioning depends on 2 processes: (a) construction of a conjunctive representation of the features that make up the context and (b) association of the representation with shock. Support for this view comes from studies indicating that prior exposure to the conditioning context facilitates contextual fear conditioning supported by immediate shock. Thus, conditioning produced by immediate shock is to the memory representation of the preexposed context, which is activated by retrieval cues associated with this context. The authors' experiments support this interpretation and indicate that this process depends on an intact hippocampal formation. These results support the hypothesis that the hippocampal formation supports contextual fear conditioning by storing a conjunctive representation of context.
The importance of fear conditioning to the neurobiology of memory emerged when it was reported that fear to the context or place in which shock occurred (contextual fear) and fear to a discrete auditory cue paired with the shock were differentially dependent upon the hippocampal formation (Kim & Fanselow, 1992; Phillips & LeDoux, 1992; Selden, Everitt, Jarrard, & Robbins, 1991) . Damage to the hippocampal formation impaired contextual but not auditory-cue fear conditioning. The selectivity of the result suggested that the study of contextual fear conditioning would provide a valuable method for studying the mechanisms by which the hippocampus contributes to memory and is now commonly used for this purpose.
Several theorists have argued that contextual fear conditioning depends on two independent learning processes: The rat (a) constructs and stores a conjunctive representation of the independent features of the context and (b) associates that representation with shock (see Fanselow & Rudy, 1998; Rudy, 1996; Rudy & Morledge, 1994; Young, Bohenek, & Fanselow, 1994) . In this framework, it is the acquisition of the conjunctive representation that requires the hippocampus. The associative process does not.
There is considerable support for the view that rats can acquire a representation of context, independent of associating it with shock. This support comes from a range of experiments that have demonstrated what we call the context preexposure facilitation effect-the fact that preexposure to the conditioning context the day before a context-shock experience can enhance the low levels of fear contextual conditioning that otherwise would occur (Fanselow, 1990; Pugh et al., 2000; Pugh, Tremblay, Fleshner, & Rudy, 1997; Rudy, Kuwagama, & Pugh, 1999; Rudy & Pugh, 1998; Westbrook, Good, & Kiernan, 1994) . Fanselow (1990) was the first researcher to report this effect. He did so by studying the so-called immediate-shock effect. Although the rat will display fear to the context if placed in the conditioning chamber for about 1 min before the shock, if it is shocked immediately after being placed in the chamber, it will subsequently show almost no freezing. Fanselow's important observation was that briefly exposing the rat to the context a day prior to the shock session significantly facilitated contextual fear conditioning normally supported by immediate shock (see also Kiernan & Westbrook, 1993; Westbrook et al., 1994) .
The theory about why preexposure to the context can facilitate the amount of conditioning normally associated with immediate shock and its dependency on the hippocampus needs elaboration. There are four assumptions that should be made explicit.
The preexposure period allows the rat to acquire a conjunctive representation of the context automatically as a product of exploring the environment. During the immediate-shock phase, the rat samples a subset of the features of the preexposed context, and this subset retrieves or activates the conjunctive memory representation. This is called pattern completion.
Conditioning that is produced by the immediate shock is to the activated memory representation of the preexposed context. The hippocampal formation is critical to the acquisition of a conjunctive representation and the pattern completion process it supports. It is important to briefly discuss the concept of a conjunctive representation and to distinguish it from a features representation. A context or a place is composed of many independent features (e.g., floor texture, odor, illumination, sound level, and so on). Thus, when it explores a particular context, an animal can store the unconnected representations of these independent features, or these co-occurring features can be bound together in a unique representation. A conjunctive representation contains the bound co-occurring features (see .
Because a conjunctive memory representation contains the bound features of an experience, it is thought to be able to support the pattern completion process: When an input pattern of features (A, B, C, D, E) is conjoined into a memory representation, the presentation of a subset of features (e.g., A, E) will activate the memory for the entire input pattern (Marr, 1971; McNaughton & Morris, 1987; O'Reilly & McClelland, 1994; Rudy & O'Reilly, 1999 ).
The ability of a subset of features to reactivate the whole pattern is important for cued recall of stored memories, and it is the ability of the hippocampus to support conjunctive representations and pattern completion that is thought to link this brain region to declarative memory in humans (Squire, 1992; Teyler & DiScenna, 1986) . For example, in his review of this literature, Squire suggested that "in the present account the possibility of later retrieval is provided by the hippocampal system because it has bound together the relevant cortical sites. A partial cue that is later processed through the hippocampus is able to reactivate all of the sites and thereby accomplish retrieval of the whole memory" (p. 224).
The importance of pattern completion to the context preexposure facilitation effect was in fact demonstrated by Fanselow (1990) in his original analysis of the immediate-shock effect. He reported that preexposure did not eliminate the immediate-shock effect if the rats indeed were shocked immediately after being placed in the context. Facilitation occurred only when the rats were in the context for about 8 s. Fanselow argued that for preexposure to the context to facilitate conditioning supported by immediate shock, the rat must spend enough time in the context just before the shock to allow a subset of cues to retrieve the memory representation of the context prior to the shock.
Note that a strong implication of this analysis of the context preexposure facilitation effect is that conditioning supported by immediate shock is to the activated memory representation of the preexposed context. We have, in fact, recently provided strong support for this conclusion and for the key underlying assumption that rats acquire conjunctive representation of the context that can support the pattern completion on which memory activation depends . Specifically, Rudy and O'Reilly showed that immediately shocked rats actually conditioned to the memory of the preexposure environment and not to the environment where shock conditioning actually took place (see the introduction to Experiment 2 for a more detailed description).
In summary, the existing literature supports three basic claims about the processes that support the contextual preexposure facilitation effect: (a) rats learn about the context independent of its association with shock, (b) they acquire a conjunctive representation of context, and (c) they condition to a memory representation of context. However, what needs to be demonstrated is that this learning depends on a contribution from the hippocampal formation. Thus, the purpose of the experiments that we present here was to determine if the conjunctive learning that takes place when the rat is exposed to a novel context requires a contribution from the hippocampus.
Experiment 1
The purpose of the first experiment was to determine whether the basic context preexposure facilitation effect depends on the hippocampal formation. We noted that Fanselow (1990) reported that context preexposure facilitated conditioning supported by immediate shock. Rats had to be in the context for a few seconds before the shock for this effect to occur. Recently, however, we have developed a methodology that produces the context preexposure facilitation effect, even though rats were shocked immediately upon placement in the context . Our strategy was to provide training that would attach the representation of the context to the transport cues preceding placement of the rat in the context. In this way, we hoped that the transport cues would activate the representation of the context prior to the shock. We did this by giving the rat multiple trials in which they were transported, in a distinct light-sealed black bucket, to the context. If rats were transported to the preexposed context in the bucket and immediately shocked, they then displayed robust contextual fear conditioning. However, if they were transported to the preexposed context in a transport cage not associated with that context, the context preexposure facilitation effect was not observed. We used this methodology to examine the role of the hippocampus in the acquisition of conjunctive representations of contexts.
In our experiments, we attempted to restrict our lesions to the dorsal hippocampal formation region, instead of damaging the entire hippocampal formation, because it has been suggested that any impaired contextual fear conditioning produced by damage to ventral hippocampus could be due to disrupting inputs to the nucleus accumbens, thereby altering the rat's exploratory behavior that is essential for it to normally sample its environment (Maren, 1999; Richmond et al., 1999) or by damaging the amygdala (Anagnostaras, Gale, & Fanselow, 2001 ). We made axon-sparing neurotoxic lesions because it has been suggested (Maren, 1999) that impaired contextual fear conditioning associated with electrolytic damage to the dorsal hippocampus may result from damage to fibers of passage that traverse the dorsal hippocampus from ventral subiculum to brain structures critical to exploration (nucleus accumbens; Burns, Annett, Kelley, Everitt, & Robbins, 1996) and fear (amygdala; Canteras & Swanson, 1992) .
Rats with damage to the hippocampus or control rats were preexposed either to the conditioning context or to another context. All rats were then transported to the conditioning context and shocked immediately. They were tested for fear of that context the next day. We expected that control rats, preexposed to the conditioning context, would display more contextual fear than rats exposed to a different context, thereby demonstrating a context preexposure facilitation effect. If our theory is correct, however, damage to the hippocampus should reduce this facilitation.
Method
Subjects. Subjects were adult male Long-Evans derived rats bred at the University of Colorado. They were housed in groups of 3-4 subjects in plastic cages and maintained on a 12-hr light-dark cycle. Preexposure, conditioning, and testing occurred between 7 a.m. and 10:30 a.m.
Surgery and histology. Under Nembutal anesthesia (50 mg/kg), rats were given bilateral infusions of N-methyl-D-aspartate (20 g/l, 0.1 l/min, 0.4 l, Sigma Chemical, St. Louis, MO) at four sites within the dorsal hippocampus. Coordinates for the first and second sites, respectively, were as follows: 2.8 and 4.2 mm posterior to bregma, 1.6 and 2.6 mm lateral to the midline, and 4.0 and 3.6 mm ventral to the skull surface. Rats were given at least 10 days to recover before the behavioral procedures were initiated. All procedures were in accordance with the University of Colorado Animal Care and Use Committee. At the end of the experiment, the rats were anesthetized with Nembutal and decapitated. Brains were removed and frozen. Coronal frozen sections (40 m thick) were sliced through the extent of the hippocampus with a cryostat at Ϫ19°C, mounting every third section. Sections were stained with cresyl violet and examined by light microscopy to visually verify dorsal hippocampal lesions.
Apparatus. Conditioning occurred in two identical Igloo ice chests (54 cm long ϫ 30 cm wide ϫ 27 cm high) with white interiors. During a conditioning session, a Plexiglas chamber sat on the rod floor that was used to deliver the unconditioned stimulus. The unconditioned stimulus, a 2-s, 0.65-mA shock, was delivered through a removable floor of stainless steel rods 1.5 mm in diameter, spaced 1.2 cm center to center. Each rod was wired to a shock generator and scrambler (Model 8240415-SS, Lafayette Instruments, Lafayette, IN). The rods and floor of each chamber were cleaned before each rat was trained or tested.
Conditioned fear was assessed by measuring conditioned freezing-the rat's natural defensive response to anticipated danger (Blanchard & Blanchard, 1969) . During the contextual fear test, rats were placed in a conditioning chamber and observed for 6 min. Using a time-sampling procedure, every 10 s the observers judged each rat as either freezing or active at the instant the sample was taken. Freezing was defined as the absence of visible movement except for respiration. In our laboratory, the correlation between observers exceeds .95. At the time of testing, neither of the two observers had knowledge of the subjects' treatment condition.
Design and training procedures. The general design for this experiment is displayed in the top of Figure 1 . Rats were exposed to either the conditioning context, Context A, or the control context, Context B. Context A was a transparent rectangular chamber (26 cm long ϫ 21 cm wide ϫ 24 cm high) placed on a steel rod floor that was used to deliver shock. It was placed inside an ice chest with a white interior that was illuminated by a 6-watt clear bulb. The ice chest door was open, and the entire room was illuminated by two 60-watt bulbs. Context B was an opaque mouse cage (26 cm long ϫ 16 cm wide ϫ 12 cm high) with a stainless steel top and was located in a different room. During preexposure, rats were transported to the chambers in a light-sealed black ice bucket. Transportation required about 20 s. The lid was placed on the bucket when rats were taken to the chambers but was removed when they were returned to their home cage. Each rat received a single 4-min preexposure on Day 1. On Day 2, all rats were exposed to their respective context four times. Each exposure was approximately 40 s. Exposures 1 and 2 and Exposures 3 and 4 were separated by 2 min. A 10-min interval separated Exposures 2 and 3. On Day 3, all rats were transported to the conditioning context and immediately shocked. On Day 4, all rats were transported in a perforated metal pan to the conditioning chamber where their freezing response was observed for 6 min.
Results and Discussion
Histology. Histological reconstructions from rats representing the largest and smallest extent of damage to the dorsal hippocampal formation are presented in Figure 2 . In general, these lesions were complete and included substantial damage to the dorsal subiculum. In rats with less complete damage, there was sparing in cells of the CA2, and in some cases CA3, subfields of the hippocampus.
Contextual fear. As expected, immediate shock produced very little conditioning in rats that were not preexposed to the conditioning context (i.e., the immediate-shock effect). In contrast, preexposure to the conditioning context (Context A) significantly enhanced the freezing displayed by control rats, but did not enhance conditioning by rats with damage to dorsal hippocampus (see Figure 1) . A two-factor analysis of variance (ANOVA) revealed an interaction between the preexposure condition and the lesion condition, F(1, 31) ϭ 5.13, p Ͻ .03. Analyses of the simple effects indicated that control rats preexposed to Context A (n ϭ 10) displayed more freezing than rats with damage to dorsal hippocampus that had been preexposed to Context A (n ϭ 7), F(1, 31) ϭ 12.00, p Ͻ .01, and control rats preexposed to Context A displayed more freezing than control rats preexposed to Context B (n ϭ 8), F(1, 31) ϭ 24.60, p Ͻ .01. Rats with damage to dorsal hippocampus preexposed to Context A did not differ from rats preexposed to Context B (n ϭ 9).
This experiment replicated our previous finding (Rudy & O'Reilly, 1999 ) that even if the rat is immediately shocked, multiple preexposures facilitate strong contextual fear conditioning. This implies that the transport cues, via the pattern completion process, were able to activate the memory representation of the preexposed context so that it could associate with the immediate shock. That damage to the hippocampal formation significantly reduced the context preexposure facilitation effect is consistent with the idea that the hippocampus is essential to the processes that mediate this effect.
Experiment 2
A strong implication of the results of Experiment 1 (see also , which is also the underlying theory behind the experiment, is that the physical cues present at the time of shock are less important for the development of conditioned fear than the memory representation that is active. Indeed, if the pattern completion interpretation is correct, then the preexposed rats in the previous experiment were conditioned to the memory representation activated by the transport environment and not to the physical Figure 1 . A: The three phases of Experiment 1. The black circle represents the black bucket used for transport during preexposure; the white oval represents the perforated pan used for transport during testing. During preexposure, different rats were preexposed to either Context A (transparent rectangular chamber) or Context B (mouse cage). On the conditioning day, all rats were transported to Context C (dimly lit chamber) in the black bucket and immediately shocked (IM SHOCK). B: Mean (Ϯ SEM) percentage of freezing in the contextual fear test as a function of lesion condition. PRE ϭ preexposed; NO PRE ϭ non-preexposed; HIPP ϭ hippocampal-lesioned rats.
cues present at the time of shock. Rudy and O'Reilly, in fact, provided strong support for the idea that conditioning produced by immediate shock was to the recalled memory representation of the preexposed environment. To do this, we established a transport container-context association through preexposure, and then used this transport container to bring rats into a novel context for immediate shock conditioning (see Figure 3) .
The rationale for this design was as follows. Because rats had no prior experience with the novel context, they would not associate the immediate shock with it. However, if the transport cues, via pattern completion, activated the memory of the preexposure context, this representation would associate with the immediate shock. Note that this analysis predicts that rats would display more conditioning to the preexposed context than to the context in which the immediate shock was experienced. Rudy and O'Reilly (2001) evaluated and confirmed this prediction. Rats displayed virtually no conditioning to the shock context but displayed strong fear to the preexposed context.
In Experiment 2, we used this design to further explore the contribution the hippocampus makes to processes underlying the context preexposure facilitation effect. Following the training depicted in Figure 3 , rats were tested in either the preexposed context or the context in which the shock occurred. Given our prior results and the previous analysis, we expected that (a) intact rats would display more contextual fear to the preexposed context than to the context in which shock occurred, (b) damage to the hippocampus would have no influence when rats were tested in the shocked context (neither control nor lesioned rats should display fear in the shocked context), but (c) damage to the hippocampus would impair contextual fear expressed in the preexposed context.
Method
The procedure for Experiment 2 is illustrated in Figure 3 . All rats received a total of nine exposures to either Context A or Context B: four on Day 1 and five on Day 2. The first exposure lasted 4 min. Thereafter, all exposures were approximately 40 s. On Day 2, between preexposure Trials 3 and 5, each rat was also placed twice (for 2 min) in a perforated metal pan. On Day 3, the rats were conditioned. They were taken from their home cage in the black bucket, placed in Context C, and shocked immediately. On Day 4, rats from each group were transported in the perforated metal pan to either the shock context, Context C, or to the preexposure context, Context A. Their freezing was scored for 6 min. Context A was a transparent rectangular chamber (26 cm long ϫ 21 cm wide ϫ 24 cm high) that sat on a Plexiglas floor. Context B was the mouse cage. Context C was constructed from clear Plexiglas (26 cm long ϫ 21 cm wide ϫ 10 cm high), but it sat on the steel rod floor in the ice chest. There was no lighting in the conditioning room when rats were placed in Context C, and the interior of the ice chest was dimly illuminated with a red light bulb. Illumination was set so that there was just enough light to carry out conditioning and to permit scoring. Note that Context C was designed to be dissimilar to Context A.
Results and Discussion
The histology results were essentially the same as those obtained in Experiment 1. Figure 3B presents the results for the rats that were tested in Context C, the context in which immediate shock was delivered. There were 6 subjects in each condition represented in Figure 3B . Note that regardless of the preexposure or lesion condition, these rats displayed almost no fear. Figure 3C shows the results for rats tested in Context A, the preexposed context. It shows that control rats preexposed to Context A and shocked in Context C displayed robust contextual fear conditioning in Context A in comparison to rats preexposed to Context B. In contrast, rats with bilateral damage to the dorsal hippocampus showed little conditioned freezing, regardless of where they were preexposed. A two-factor ANOVA revealed an interaction between preexposure condition and lesion condition, F(1, 25) ϭ 4.70, p Ͻ .03. Analysis of the simple effects indicated that control rats preexposed to Context A (n ϭ 10) displayed more freezing than lesioned rats (n ϭ 8) preexposed to Context A, F(1, 25) ϭ 9.00, p Ͻ .01, and that control rats preexposed to Context A displayed more freezing than control rats (n ϭ 5) that had been preexposed to Context B, F(1, 25) ϭ 10.00, p Ͻ .01. Rats with damage to the hippocampus and preexposed to Context A did not differ from rats preexposed to Context B (n ϭ 6).
These results replicate our previous finding ) that under these training conditions intact, immediately shocked rats display more conditioned fear in the preexposed context than in the context in which the shock actually occurred. This result provides strong evidence that during immediate shock, rats condition to the memory representation activated by the transport cues and not to the physical features of the environment in which the shock occurred. The results of this experiment also indicate that the hippocampal formation is critical to this outcome because rats with damage to this brain region were impaired on this task.
Experiment 3
One could argue that the results of Experiments 1 and 2 were not due to the impact of hippocampal formation damage on rats learning about context per se, but instead to either (a) their inability to associate context features with shock or (b) their processes that express fear were impaired. However, neither of these alternatives seems likely when considered against the recent literature indicating that neurotoxic damage to the dorsal hippocampus prior to conditioning does not impair contextual fear conditioning if the dorsal hippocampus is damaged prior to conditioning (Frankland, Cestari, Filipkowski, McDonald, & Silva, 1998; Maren, Aharonov, & Fanselow, 1997; Richmond et al., 1999) . Nevertheless, to rule these alternatives out, we evaluated the effect of the lesion on a more standard form of contextual fear conditioning.
Method
One week after the completion of Experiment 2, all rats from Experiment 2 were transported to a different conditioning context in the perforated metal pan where they received three shocks. The intershock interval was 2 min, and the first shock occurred 2 min after the rats were placed in the conditioning context. Freezing was scored during the 2 min that preceded the first shock and during the 2 min after the first and second shocks. The next day the rats were transported to the conditioning chamber and tested for 8 min. The conditioning chamber was clear Plexiglas (26 cm long ϫ 21 cm wide ϫ 10 cm high) and sat on the steel rod floor in the illuminated ice chest.
Results and Discussion
As shown in Figure 4 , damage to the hippocampal formation did not affect the acquisition of contextual fear conditioning. Regardless of lesion condition, on the conditioning day, rats displayed little freezing during the 2-min period that preceded the first shock. The three phases of Experiment 2. The black circle represents the black bucket used for transport during preexposure; the white oval represents the perforated pan used for transport during testing. During preexposure, different rats were preexposed to either Context A (transparent rectangular chamber) or Context B (mouse cage). On the conditioning day, all rats were transported to Context C (dimly lit chamber) in the black bucket and immediately shocked (IM SHOCK). Half the rats from the two preexposure conditions were tested in Context A, and half were tested in Context C. B and C: Mean (Ϯ SEM) percentage of freezing in the contextual fear test as a function of preexposure condition. PRE ϭ preexposed; HIPP ϭ hippocampal-lesioned rats. Following the shock, the level of freezing increased dramatically, but there were no differences among the groups either on the conditioning day or during the fear test the next day.
These results indicate that rats with dorsal hippocampal lesions are capable of freezing, making it unlikely that the results of either Experiment 1 or Experiment 2 were due to their inability to express fear. They also indicate that rats with dorsal hippocampal lesion can associate shock with the features of the context and, therefore, strengthen our conclusion that the results of the previous experiments occurred because the hippocampal formation makes an important contribution to the rat's acquisition of a conjunctive representation of the features of the conditioning context. However, it should be acknowledged that because the rats in Experiment 3 received three shocks on the training day, whereas rats trained in the immediate-shock experiment received only a single shock, that these data are not as strong as they could be. Never- The top panels present the data for rats tested in Context C (the conditioning context, a dimly lit chamber) in Experiment 2. The bottom panels present the data for rats tested in Context A (the preexposed context, a transparent rectangular chamber) in Experiment 2. The left panels present the results obtained during the conditioning session, and the right panels present the results of the fear test the next day. PRE ϭ the first 2 min of testing that occurred prior to the first shock; POST-1 ϭ the 2-min period after the first shock; POST-2 ϭ the 2-min period after the second shock; HIPP ϭ hippocampal-lesioned rats.
theless, the data are in agreement with results reported by Maren et al. (1997) and Richmond et al. (1999) that damage to the dorsal hippocampal formation prior to training has no effect on the acquisition of contextual fear conditioning.
Two recent studies (Barrientos et al., in press; Barrientos, O'Reilly, & Rudy, in press) provide additional support for the view that the hippocampus contributes to the storage of the context representation. In these studies, either the protein synthesis inhibitor Anisomycin or the proinflammatory cytokine interleukin 1␤ (IL-1␤) was injected into the dorsal hippocampus following preexposure to the context to block the consolidation of the context memory. Compared with rats injected with the vehicle, rats injected with Anisomycin or IL-1␤ displayed a significantly reduced context preexposure facilitation effect when given an immediate shock. Because the hippocampus was intact during the immediateshock phase and the test phase, this result cannot be due to impaired associative learning (the context-shock association) or the inability of the rat to express fear at the time of testing.
General Discussion
Our results (Experiments 1 and 2) are consistent with the reports that preexposure dramatically increased contextual fear normally associated with immediate shock (Fanselow, 1990; Westbrook et al., 1994) . In addition, these results add the important result that this context preexposure facilitation effect depends on an intact hippocampal formation. Moreover, consistent with the recent literature, we found that damage to dorsal hippocampus did not impair performance produced by a standard contextual fear conditioning paradigm (Experiment 3). Together with the existing literature, these findings support the following theoretical conclusions:
1. When a normal rat explores a novel context, it automatically acquires a conjunctive representation of its features.
2. This representation can be activated by a subset of the features that belong to the conjunction (pattern completion).
3. Conditioning that is produced by the immediate shock is to the activated memory representation of the preexposed context. 4. The hippocampal formation provides a critical neural substrate for the mechanism that supports these storage and retrieval processes.
5. Fear to a context can be supported by extrahippocampal brain regions.
The first conclusion derives primarily from our finding that the context facilitation effect requires that the configuration of features that make up the preexposed context be identical to the configuration of features that make up the conditioning context. Preexposure to the features in other configurations does not facilitate contextual fear conditioning (Rudy & O'Reilly, 1999) . The second conclusion is implied by the finding that immediate shock can support strong contextual fear conditioning if (a) the rat has been preexposed to the context and (b) immediate shock is preceded by transport cues associated with the preexposed context (see also . The third conclusion is forced by the finding that immediately shocked rats display more fear to the preexposure context associated with the transport cues than they do to the novel context in which shock actually was experienced (Experiment 2; ). This result could only occur if the shock was associated with the memory representation of the context retrieved by the transport cues. It could not be the product of stimulus generalization of fear established to the conditioning context because the rats displayed no fear to the conditioning context. The fourth conclusion is supported by the fact that damage to the hippocampal formation significantly reduced the context preexposure facilitation effect (Experiments 1 and 2). The fifth conclusion is supported by our findings that, although damage to the dorsal hippocampal formation eliminated the context preexposure facilitation effect, it did not impair contextual fear conditioning under more standard training (Experiment 3; see also Maren et al., 1997; Richmond et al., 1999) .
Our results indicate that the hippocampus contributes to contextual fear conditioning by supporting the acquisition of a conjunctive representation of the context. As noted, however, damage to the hippocampal formation does not always impair contextual fear conditioning. For example, there are several reports (including Experiment 3) that neurotoxic lesions of dorsal hippocampus prior to training can have no effect on contextual fear conditioning (Maren et al., 1997; Richmond et al., 1999) . Damage to the entire hippocampus prior to conditioning or damage to ventral hippocampus (Maren et al., 1997; Richmond et al., 1999) has been reported to impair contextual fear, but it also significantly influences the rat's exploratory behavior. This finding leaves open the possibility that impaired fear conditioning associated with damage to ventral hippocampus might just reflect the effect of the lesion on encoding instead of memory processing supported by the hippocampus. It also has been argued that the effect of hippocampal damage on contextual fear is a performance effect that is due to the disruption of the processes that express fear via the freezing response (Gewirtz, McNish, & Davis, 2000) .
In isolation, such results question the idea that the hippocampus contributes to contextual fear conditioning. However, it should also be appreciated that when neurotoxic damage to dorsal hippocampus occurs after conditioning, contextual fear conditioning is severely impaired (see Anagnostaras et al., 2001; Maren et al., 1997) . This strongly implies that the hippocampus contributes to contextual fear conditioning in the normal rat.
It is not surprising that the contribution the hippocampus makes to contextual fear is not straightforward. This is because several theoretical frameworks linking the hippocampus to memory assume that the collection of features that provide a space, place, or context for experience can be represented in two ways: (a) a features view, which assumes that the context is represented as a set of independent features or elements that each can be entered into association with events, and (b) a conjunctive or mapping view, which assumes that the individual features are combined into a unitary representation that is different from the sum of its parts (Anagnostaras et al., 2001; Fanselow, 2000; Maren et al., 1997; Nadel & Willner, 1980; Nadel, Willner, & Kurz, 1985; Rudy & O'Reilly, 1999 Rudy & Sutherland, 1994 , 1995 . Within these frameworks, the hippocampus is thought to support the acquisition of the conjunctive representation and extrahippocampal areas are assumed to support the representation of the features and their linkages.
In such frameworks, there is no a priori reason to suppose that damage to the hippocampus necessarily should impair contextual fear conditioning because the independent features of the context themselves could associate with the shock and support conditioned fear. The finding that anterograde damage to the hippocampus does not always impair contextual fear conditioning is consistent with this view. Thus, the finding that retrograde damage to the hippocampus severely compromises contextual fear conditioning is important because it provides strong evidence that the hippocampal formation is involved in contextual fear conditioning. In part, this is because it renders the performance deficit interpretation unlikely. Regardless of whether the hippocampus is damaged before or after training, by a performance account, the rat's expression of fear should be compromised (see also Anagnostaras, Maren, & Fanselow, 1999) .
On the basis of the results of studies of the anterograde and retrograde effects of damage to the hippocampal formation on contextual fear conditioning, Maren et al. (1997) have argued that the feature and conjunctive representations of context exist in a hierarchical relationship: The intact rat is biased to use the conjunctive representation over the features representation. Thus, when conditioned prior to the lesion, the rat associates shock with the hippocampal-dependent conjunctive representation at the expense of conditioning to context features represented in brain regions outside the hippocampal formation. So, when the hippocampus is damaged after conditioning, contextual fear is severely impaired because the intact rat did not condition to the features and the hippocampal support for the conjunctive representation is no longer available. However, when the hippocampus is damaged prior to conditioning, the features are free to associate with shock and impaired fear conditioning may not be observed.
Thus, the analysis of the contribution the hippocampus makes to contextual fear conditioning is complicated by the fact that the brain can make use of two different representations of context: a features representation that does not depend on the hippocampus and a conjunctive representation that does (Fanselow, 1990; Maren et al., 1997; Rudy & O'Reilly, 1999 . Because contextual fear conditioning can be supported by associations between the feature representations and shock, there will be a parameter space in which contextual fear conditioning will not be impaired by damage to the hippocampus.
It is because extrahippocampal regions can support featurebased contextual fear conditioning that our work has focused on the context preexposure facilitation effect. Conjunctive representation theories of hippocampal function assume that it contributes to contextual fear conditioning primarily by constructing a unitary representation of the stimulus environment. From this perspective, it is important to examine the contribution the hippocampus makes to contextual fear conditioning by using a methodology that separates the learning of a context representation from associating that representation with the shock. It is also important to use a methodology that enables one to determine that this learning produced a conjunctive representation of the context. The context preexposure methodology clearly separates learning about context from the shock association phase, and it has proved possible to demonstrate that as a consequence of preexposure, rats indeed acquire a conjunctive representation of the environment (Rudy & O'Reilly, 1999) . Consequently, in demonstrating that damage to the hippocampus eliminates the context preexposure facilitation effect, we have provided strong support for the idea that the hippocampal formation contributes to contextual fear conditioning by storing a conjunctive representation of context. By focusing on the context preexposure facilitation effect, we also have provided strong support for an important implication of conjunctive representation theory and the pattern completion process it is assumed to support. Specifically, as applied to the immediate-shock experiment, these ideas imply that preexposure enhances contextual fear conditioning produced by immediate shock because conditioning is to the memory representation of the preexposed context that is activated at the time of the shock and not to the immediate sensory features of the conditioning context. The results of Experiment 2 provide strong evidence for this idea.
It has been argued that the reexperience of time and place during retrieval differentiates one form of human declarative memory, episodic memory, from other forms of conscious memory (e.g., Eldridge, Knowlton, Furmanski, Bookheimer, & Engel, 2000) . Nonverbal organisms may engage in conscious recollection, but researchers cannot yet measure this process directly. So, any link between animal memory and human declarative memory requires a mechanistic theory that connects a particular task to memory. A number of theorists (Marr, 1971; Rudy & O'Reilly, 1999 Squire, 1992; Teyler & DiScenna, 1986) have argued that conjunctive representations and pattern completion supported by the hippocampus are the mechanistic basis for human declarative memory. We think that the theoretical mechanisms of pattern completion supported by conjunctive representations provide an important way to connect animal and human declarative memory because they do not require the subject to make a verbal response to indicate that a memory has been recollected.
We have established that the context preexposure facilitation effect depends on the rat acquiring a conjunctive representation that can be activated by the pattern completion process and that the facilitation effect depends on an intact hippocampus. Consequently, the context preexposure methodology provides an ideal animal model for studying the biological mechanisms that support declarative memory.
